Cowania mexicana D. DON (Rosaceae) is distributed in western North America, and its aerial parts have been used as a cough suppressant and a remedy for respiratory disease by America Indians. As chemical constituents of this plant, the presence of triterpenoids, such as ursolic acid 1) and cucurbitan-type triterpenes 2) as inhibitors of Epstein-Barr virus early antigen (EBV-EA) activation were reported. We reported the isolation and characterization of nine tannins and related polyphenols [casuarinin (2), stachyurin (3), pterocarinin A, stenophyllanin A (4), alienanin B, casuglaunin A, (Ϫ)-epicatechin, procyanidin B-4 and ellagic acid] along with two nitrile glucosides (menisdaurin and lithospermoside) from the leaves and stems of C. mexicana. Their inhibitory effects on in vitro EBV-EA activation induced by 12-O-tetradecanoylphorbol-13-acetate (TPA) and on in vivo two-stage carcinogenesis on mouse back-skin were also reported.
1 exhibited two 2H singlets (d 7.09, 7.06) and seven 1H singlets (d 6.83, 6.72, 6.62, 6 .55, 6.53, 6.51, 6.25), which were assignable to two galloyl and four hexahydroxydiphenoyl (HHDP) groups. These acyl groups were consistent with the appearance of ten ester carbonyl carbon signals in 13 C-NMR (see text) and chemically confirmed by the production of methyl tri-O-methylgallate (7) and dimethyl hexamethoxydiphenate (8) upon methanolysis of the methylated derivative of 1. The odd number of aromatic 1H singlets in the 1 H-NMR spectrum of 1 suggested that one of the HHDP groups may participate in C-C bond formation with an anomeric carbon of open-chain glucose residue as characterized by C-glucosidic ellagitannins such as casuarinin (2) and stachyurin (3) . The presence of two open-chain glucose residues was indicated by the coupling patterns and chemical shifts of aliphatic proton signals which were assigned by 1 C-NMR resonances of glucose and catechin residues of 1, which were assigned by the heteronuclear multiple quantum connectivity (HMQC) spectrum, indicated a close resemblance to those of stachyuranin A (6) 6) and stenophyllanin B (5) 7) rather than stenophyllanin A (4) as shown in Table 1 . These NMR spectral features and MS data, taking the absence of A-ring protons of catechin into consideration, suggested the dimeric structure of cowaniin, in which the 6-and 8-positions of the catechin unit bind respectively to each anomeric carbon of ellagitannin monomers with an openchain glucose core. The binding mode of the ellagitannin monomers to catechin as shown in 1 was determined by the heteronuclear multiple bond connectivity (HMBC) spectrum. showed the correlation with another oxygen-bearing carbon resonance (C-5) at d 153.5 through long-range coupling. These HMBC data along with the correlation between H-1Ј and C-8 of the A-ring indicated the structure of cowaniin as 1. The (S)-configurations at all biphenyl moieties in 1 were evidenced by a strong positive Cotton effect at 234 nm 8) in the CD spectrum.
Following only two known C-glucosidic tannin dimers linked through catechin, anogeissinin from Anogeissus acuminata (Combretaceae) 9) and casuglaunin B (9) from Casuarina glauca (Casuarinaceae) 10) and Elaeagnus umbellate (Elaeaganaceae), 11) cowaniin (1) is the third example of this type of tannins in nature, and is considered a plausible biogenetical precursor of 9. Therefore, biomimetic chemical conversion of 1 into 9 was attempted in a way similar to the transformation of stachyuranin A (6) into stenophyllanin A (4) by polyphosphoric acid treatment in hot dioxane.
6) Reversed-phase HPLC of the reaction mixture showed a sole major peak with a retention time identical to that of casuglaunin B (9), thus confirming the gross structure 1 for cowaniin including the absolute configuration in catechin moiety.
Inhibitory effect on EBV-EA activation induced by TPA according to the reported method 3) was tested for cowaniin in order to compare with the previously reported effects 3) of the co-existing anti-tumor promoting polyphenols, alienanin B and stenophyllanin A (4); however the potency (44.9% inhibition) of 1 was much weaker than those of alienanin B (81.5% inhibition) and 4 (79.1% inhibition) at a concentration of 500 mol ratio per TPA. 
Experimental
Optical rotations were recorded on a JASCO DIP-1000 polarimeter and elemental analyses on a Yanaco CHN recorder MT-5. UV spectra were measured on a HITACHI U-2001 spectrophotometer and CD spectra on a JASCO J-720W spectrometer.
1 H-and 13 C-NMR spectra were recorded on a Varian VXR-500 instrument (500 MHz for MeOH). The 40% MeOH eluate (1.0 g) was subjected to repeated column chromatography over Toyopearl HW-40 and MCI GEL CHP-20P using aqueous MeOH to furnish purshianin (5 mg). The water extract (94.0 g) was subjected to column chromatography over Diaion HP-20 (6.8 i.d.ϫ40 cm) using aqueous MeOH (H 2 O→20%→40%→60%→100% MeOH). The water eluate (6.0 g) was further separated and purified by column chromatography over Toyopearl HW-40 and MCI GEL CHP-20P with aqueous MeOH to give cowaniin (1) (70 mg).
Cowaniin (1) Table 1 .
Methylation of 1 followed by Methanolysis A solution of 1 (1 mg) in EtOH (0.1 ml) was treated with ethereal diazomethane for 6 h at room temperature. After removal of the solvent, the residue was directly methanolyzed with 1% NaOMe (0.1 ml) in absolute MeOH (1 ml) at room temperature for 12 h. The reaction mixture was acidified with a few drops of AcOH and evaporated in vacuo. The residue was re-dissolved in MeOH and analyzed by reversed-phase HPLC (solvent B), which exhibited the production of methyl tri-O-methylgallate (7) (t R 6.98 min) and dimethyl hexamethoxydiphenate (8) (t R 9.63 min).
Chemical Conversion of Cowaniin (1) into Casuglaunin B (9) A dioxane solution (0.3 ml) of cowaniin (1) (0.5 mg) containing polyphosphoric acid (3 mg) was heated in a boiling water bath for 1 h. The reaction mixture was analyzed by reversed-phase HPLC (solvent C) equipped with a diode-array detector. A major product peak (14.6 min), besides the peak of 1 (13.2 min), was identified as that of casuglaunin B (9) by co-chromatography and UV comparison with an authentic specimen.
